Recent research has shown that students have positive opinions regarding the use of remote response devices ('RRD's), commonly known as 'clickers', in the classroom. Studies indicate that clickers are effective, help students engage, and improve the overall learning process. This research focuses on measuring the size of the impact of clickers, via the effect size index, on student perceptions of the instructor and course. Results indicate that student opinions of clickers are definitely related to student opinions about course and instructor. That is, the two concepts are not independent. Furthermore, the use of clickers has numerous small, medium, and large effects on various student perceptions about the instructor and the course. These results can be generalised to other studies via the effect size index and its standardised measurement scale. Some demographic differences in perceptions about clickers are also discussed.
Introduction
University students today are products of the digital generation and use various techniques and styles of learning. Most require more involvement and interactive learning environments than previous generations. Remote response devices ('RRD's), commonly known as clickers, have become common tools to provide such interactions in the learning process. Since the introduction of clickers, numerous studies have been conducted to analyse the existence of relationships between the devices and learning. This article extends previous research by measuring the size of the effect of the use of clickers in the classroom. Specifically, the size of the effect of clickers on student perceptions of the course and the instructor are measured as well as potential relationships between various demographics (such as gender, classification, and academic major) and clicker effectiveness. This research demonstrates that the use of clickers in the classroom has a significant effect on student perceptions about the quality of the course and instructor.
Literature review
Most studies have focused on the effectiveness of clickers on student learning and on their attitudes towards clickers rather than the students' perceptions of the effect of clickers on the course or instructor. Overall, students have found clickers to be engaging and helpful in the learning process. Lincoln (2008) examined the use of remote response devices in large-size classes and made recommendations on how to use them to teach effectively to address five challenges faced by instructors teaching large-size classes. Recommendations focused on the instructor's design of the course and planning as well as on question design for clicker questions. Preis et al. (2011) helped educators examine benefits of using RRDs and provided guidance in implementing the systems. Their work revealed that the use of clickers in classes resulted in increased student perceptions of learning, increased student engagement with the material, improved student focus during lectures, and higher attendance in lectures. Lai et al. (2015) published a case study that showed that students believed that clickers positively impacted their learning experiences even though their grades were not higher than in an equivalent course that did not use clickers.
Clickers provide students with opportunities to engage in active learning. A study by Cunningham (2008) provided mixed results as to students' perceptions of RRD but found that a majority of the students studied indicated that the devices added interest to the class. Findings by Robinson (2006) , Robinson and Ritzko (2006) , and Bode et al. (2009) also indicated that most students reported increased class participation when clickers are used in the course. Hoffman and Goodwin (2006) found clickers to be not only easy to use, but also a fun way to turn traditional classroom lectures into interactive learning experiences. From a broader perspective, Al-Shammari (2014) suggests that e-learning can be improved by integrating social networking and technology. The use of clickers in the classroom is an example of utilising technology to increase interaction among students and their instructor and classmates.
Numerous studies provide examples of successful active learning experiences with clickers. Hatch et al. (2005) found that clickers help students be more engaged and assess their own knowledge prior to lectures. A study by Beekes (2006) showed increased participation and class discussion by students in courses using clickers. Fitch (2004) and Beekes (2006) both found that students liked using clickers and found them to be a good active learning tool. Carnaghan and Webb (2007) indicated that students reported that the use of response systems technology improved their performance in class. In a four-year longitudinal study, Anderson and Noland (2010) found that remote response devices enable students to improve their knowledge and retain key concepts. They also found that clickers allow instructors to introduce a great amount of material that enhances learning and to obtain immediate responses about student comprehension. Nelson and Hauck (2008) found that clickers improved students' perceived performance in the course, increased attendance levels, and resulted in higher correlations of student performance and attendance. Morse et al. (2010) reported that students perceive that clicker use improved class discussion and made it more comfortable for students to participate in class. However, observation in the study supported previous findings by Carnaghan and Webb (2007) that indicated that students in clicker classes ask fewer questions and become more reliant on non-verbal communication.
These results generally indicate a positive student response to the use of clickers in the classroom. Given that a positive response is indicated, the present research proposes to measure the size of the impact (e.g. 'effect size') of the use of clickers against student opinions of course and instructor. The American Psychological Association now requires effect size measurements to be reported in all 23 of its academic journals. Common effect size measurements include (Pearson's) correlation coefficient (denoted 'r'), η 2 ['eta-squared': see Burns and Burns (2008) ], and the effect size index, f, proposed by Cohen (1988) . Stevens (2013) uses both r and η 2 in related research about the size of the effect of learning style on academic success and perceptions of course and instructor. The authors, therefore, utilise these same effect size measures in the present research regarding clicker effectiveness.
Method
This study was conducted among College of Business students in a medium-sized four-year public university in the southern USA. The remote response devices were used in normal class operations in eight different business course sections, including various marketing, management and quantitative methods courses. Due to small numbers of students in three of those sections, their data was dropped from further analysis leaving five sections included in the analysis. Table 1 provides some demographic information about how clickers were used in the various courses. Data was collected using a self-administered survey of students who participated in those classes as well as the student evaluation of instruction (SEI) results for each of the classes. Three sets of questions were utilised to obtain the data for this analysis. The three sets of questions include a group to determine student perceptions of course and instructor [as utilised by Stevens (2013) ], a group to determine student perceptions of the usefulness and effectiveness of clickers, and a group of demographic questions. The first group of questions mentioned above is taken from the university's 'SEI', and assesses student opinions in five areas: instructor's verbal communication skills, instructor's written communication skills, effectiveness of teaching methods for the course, whether the student would recommend the instructor, and whether the student would recommend the course. (These questions are numbered 14-18 in Appendix.) The answers to these five questions are treated as dependent variables, and clicker effectiveness questions are treated as independent variables that influence them. Respondents answer the SEI questions using a five-point Likert scale ranging from 1 = strongly agree, 2 = agree, 3 = no opinion, 4 = disagree, and 5 = strongly disagree. Chisquare tests on contingency table (such as clicker effectiveness versus SEI) data are utilised to determine whether there is a significant relationship between pairs of variables (Lind et al., 2012) . Because of low frequencies of responses of 'disagree' and 'strongly disagree', these categories were combined into a single category: 'disagree'. This is a common remedy when certain cells contain low expected frequency (Lind et al., 2012) .
The second group of questions assesses student opinions of clickers in terms of their ease-of-use and impact on the classroom, and student answers are rated on a similar five-point Likert scale. Ratings values include 1 = excellent, 2 = very good, 3 = good, 4 = fair, and 5 = poor. (These questions are numbered 1-5 in Appendix.) As noted above, clicker effectiveness is the independent variable and the research seeks to determine the impact of clicker usage on SEI measures.
The third and final group of questions assesses student agreement with potential benefits of clicker usage, including: helping them stay focused in class, making them more likely to read the textbook, helps them perform better on exams, helped them study more efficiently, helped them ask questions, and overall whether they prefer classes that use clickers. These questions were answered using a five-point Likert scale with ratings of 1 = strongly agree, 2 = somewhat agree, 3 = no opinion, 4 = somewhat disagree, and 5 = disagree. (These questions are numbered 6-13 in Appendix.) As with the other groups, the student's response about clickers is treated as the independent variable and the research seeks to determine the impact of these responses on SEI measures.
In addition to the chi-square tests, correlations together with quantitative measures of the size of the effect (i.e. 'effect size') of clicker effectiveness on these dependent variables are calculated and discussed. More specifically, Pearson's correlation and Cohen's 'effect size index, f' are calculated for each variable combination (Cohen, 1988) . The effect size index, f, is defined as:
In equation (1) the numerator is the proportion of variation explained by the independent variable, and the denominator is the proportion of variation not explained. The effect size index, f, is just a transformation of this ratio. In equation (1), as η 2 approaches its maximum value of 1 the denominator approaches 0, and the effect size index increases. Conversely, when η 2 approaches its minimum value of 0, the ratio approaches 0, and the effect size index approaches zero. Using equation (1), Cohen (1988) suggests a 'small' effect size is f = .1, a 'medium' effect size is f = .25, and a 'large' effect size = .40. The use of the effect size index is significant because the relative meanings of 'small', 'medium', and 'large' are the same, regardless of the statistical test. Cohen (1988) describes a small effect as one that is not necessarily visible to the naked eye (for example, the differences in heights of 15 and 16 year-old girls). A medium effect is obvious to the naked eye (differences in heights between 14 and 18 year-old girls), and a large effect is extremely obvious to the naked eye (differences in heights between 13 and 18 year-old girls). This research utilises this same guideline for the identification of small, medium, and large effect sizes related to clicker effectiveness on student perceptions of course and instructor.
Respondents from the eight course sections produced a set of n = 357 cases. Approximately 30 surveys were incomplete, and together with those from three other courses with significantly fewer students, were eliminated from consideration. The analyses described here are performed on this reduced set of data. The final number of cases for analysis was n = 279. The level of significance selected for the statistical tests is 0.10, since the questions are soliciting opinions and alpha = 0.10 is commonly used for evaluating opinion data (see for example, Lind et al., 2012) . SPSS version 19 is used to perform all statistical tests.
Results
Appendix lists the (non-abbreviated) survey questions. Table 2 shows average answer and standard deviation of answers for each (abbreviated) survey question. indicate that approximately two-thirds of all student ratings are within 1.0 of the average score. The fact that all of the scores have means on the positive end of the Likert scale (average question score is generally around 2.0 on the five-point scale) demonstrates that students have very favourable opinions of both sets of clicker questions. More specifically, these favourable opinions are regarding the usability of clickers and overall opinions on their effects in the classroom, as well as specific ways that clickers help students in the classroom and on exams. Table 3 shows the correlations between answers to the clicker questions and the answers to the SEI questions. The value of 'correlation' is the Pearson correlation coefficient, and measures the strength of the linear relationship between the pair of questions. The value of 'sig.' is the significance of the test that the true correlation is actually zero. In other words, when 'sig.' is smaller than .10, there is less than a 10% chance of obtaining the Pearson correlation value if the correlation is truly zero (meaning the two questions are not linearly related). Table 3 indicates that all correlations (measures of the strength of linear relationships) are statistically significant (i.e. not likely due to chance), except for the correlations between SEI measures and the clicker question about improving class attendance. This result is consistent with that obtained when measuring effect size using the non-linear measure, effect size index, which is shown later in this section. Correlations that are around .25 in size are said to be 'weak,' those around .5 in size are said to be moderate, and those around .75 in size are said to be 'strong'. In Table 3 , all correlations are positive, meaning that as the answer to a clicker question increases in value (meaning a more negative student opinion), so does the corresponding answer to the SEI question. Conversely, when the answers to clicker questions go down in value (meaning a more positive student opinion), the answers to the SEI questions also go down. These results indicate that the relationships between clicker questions and SEI questions range in size from weak to moderate (based on the size of the correlation) and that the correlations are not accidental. For example, the questions 'usefulness of clicker as a resource' and 'teaching methods are effective' have a moderate positive correlation of .487, indicating that their values vary directly and moderately (i.e. medium strength) together. While Pearson's correlation measures the strength of the linear relationship between the questions, the strength of the curvilinear relationship between the variables is measured by eta squared, as described previously in equation (1). Table 4 shows the statistically significant relationships between clicker effectiveness questions and the SEI questions, and includes the values of eta squared (denoted η 2 ) and the resulting value of the effect size index, f. As stated earlier, η 2 is the proportion of variance in one variable that is explained by the other. As before, only statistically significant results are listed. The significant chi-square results indicate that the clicker question and the corresponding SEI question are dependent on each other. That is, they are indeed related. Table 4 , some relationships that were statistically significant for the chi-square test were not included because more than 20% of cells had expected count too low (less than 5) for performing the tests. In Table 4 , the significance of the chi-squared test indicates that there is definitely a relationship between the pairs of clicker questions and the corresponding SEI questions. In other words, the two questions are not unrelated or independent. A value of 'chi-square sig.' = 0.000 means that there is basically no chance (probability = 0.000, to nearest thousandth) of obtaining the actual test statistic value (not shown in the Table 4 indicates that student perceptions about the overall ease of use of clickers have a medium effect on the students' opinion of the effectiveness of teaching methods and their recommendation of the course. Students' opinions about the overall usefulness of clickers as a resource in the course has a large effect on the students' opinions about the instructor's verbal communication skills, the effectiveness of teaching methods, and recommendations of both the instructor and the course. Overall, small, medium, and large effect sizes can be thought of as analogous to weak, moderate and strong correlations. Table 5 shows the statistically significant (with alpha = .10) differences in clicker opinions by gender. The data consists of responses from 125 females and 153 males. For each of the three survey questions, females gave a lower score on average, indicating a stronger agreement with the statement. For the other survey questions regarding clickers, there were no statistically different answers between females and males. Table 6 shows the statistically significant differences in clicker opinions by classification of students. Specifically, there is a difference between freshmen/sophomores and juniors regarding how likely a clicker would be to make them more likely to attend class. Juniors indicated a slightly stronger response than freshmen/sophomores, with an average of 2.03 compared to 2.37, respectively. Of course, this could be because upperclassmen may be more likely to attend class in general than would a freshman or sophomore. This table also indicates that freshmen/sophomores believe that clickers help them on exams slightly more than juniors, while juniors believe that clickers help them on exams slightly more than seniors/graduate students. There are no statistically significant differences to answers about clicker usefulness and effectiveness by academic major.
Discussion
Students and instructors should recognise that the use of clickers provides significant positive benefits as indicated by questions 2, 7, 8, and 9 which refer to the usefulness of clickers as a resource, reading the textbook, performing better on exams, and helping students learn, respectively. Since all clicker questions (see Table 2 ) have answers on the lower end of the five-point Likert scale, it is obvious that the average student had very favourable opinions of their clicker and of their instructor and course. This finding was also consistent with those found when analysing correlations as the measure of effect size. Namely, the relationship between clicker question and SEI question was always positive and ranged in size from weak (around .25) to moderate (around .50). While correlations measure the linear effect of one question on another, eta-squared and the effect size index measure the nonlinear effect of one question on the other. Table 4 indicated mostly large and medium effects of opinions of clickers on opinions of instructor and course, together with a few small effect sizes. In particular, the overall usefulness of the clicker (question 2) had a large effect on every one of the student opinions about the SEI questions (instructor has good written skills and good verbal skills, teaching methods are effective, and the student would recommend both the instructor and the course).
Overall, these results are very positive and indicate that instructors who wish to improve in student evaluations can likely do so by employing the use of clickers in the classroom. This result is especially impressive given that the amount of class time spent with clickers was relatively small. Several instructors only used clickers for quizzes (given once per chapter or unit), and other instructors used clickers only to review material at the end of a chapter or unit. For these classes, clickers were utilised for less than 20 minutes of total class time per week, and the results were not biased depending on whether the instructor used the clickers as part of a grade.
The types of courses included in this research also reflect a typical cross-section of courses that would be taken by business majors, including predominantly non-quantitative courses like marketing and management, and quantitative courses like statistics and operations management. Clickers had an equal substantial impact on students, regardless of the nature of the course, and whether it predominantly involved (mathematical) problem solving.
Regardless of the type of courses in which instructors use clickers, to be most effective, instructors should engage in prior preparation for using clickers in classes. The technology and software make it relatively easy for instructors to capture and score responses and record quiz scores in learning management systems or grading software. Because of this, using clickers for quizzes can be less time consuming and easier for the instructor than administering quizzes using paper and pencil or even machine-readable paper forms. However, instructors who use clickers to administer quizzes should prepare the quiz questions ahead of time and include them in written format rather than verbally administering the questions. Since most quiz questions are multiple choice, students have a more difficult time understanding verbally administered rather than written questions and choices. Less preparation is required when instructors use clickers simply to gauge student comprehension or opinions.
Conclusions and future research
The use of clickers in the classroom had an overall positive and significant effect on student opinions about the course and instructor. These findings indicate that instructors who utilise clickers should expect higher scores on their evaluations (for themselves and their courses) than if they taught the same course without clickers. Part of this may be explained by the fact that most courses at most colleges do not utilise clickers, and so the use of a novel technology made more of an impression on the students. Future research could focus on students and instructors that used clickers over a period longer than one semester.
One limitation of this research is that the chi-square test requires at least 20% of categories to have expected cell counts of at least five (otherwise, the chi-square statistic is artificially inflated). Because of insufficient data and the resulting low number of counts in certain categories, some results that were statistically significant were not included in the results and discussion sections. With greater volumes of data, the effects of clicker usage might also be determined to be significant for other SEI measures.
The present research also only included students from one university taking courses within the college of business. It would be interesting to see a comparison of these results to those in other fields. In addition, it is notable that such comparisons of effect size index would be comparable for students in different majors due to the generalisable nature of Cohen's effect size index.
